Heavily cold drawn in situ Cu-Nb composites have been investigated by transmission electron microscopy (TEM) and X-ray analysis. Dislocation density in the copper matrix has been shown to change only slightly in the investigated drawing ratio range because of the development of stage IV of deformation. In Nb filaments dislocation density in the investigated range at first increases with deformation and then drops at the highest drawing ratio. At intermediate deformation niobium grains consist of fine blocks separated by low-angle dislocation boundaries. At drawing, fibre texture develops in both phases, with (111) and (100) axis for the copper matrix and (110) axis for niobium filaments. Besides, niobium filaments acquire ribbon-like form, and their grains possess certain orientation, namely, in interlacing grains crystallographic {311 }, 100} and 111 planes are parallel to each other and to the filament plane, i.e., the rolling texture with {311}(110), {100}(110) and {111}(110) components is forming within every filament.
INTRODUCTION
Deformation-processed heavily drawn Cu-Nb composites possess an extremely high strength, appreciably greater than that predicted by the (Bevk, Harbison and Bell, 1978; Karasek and Bevk, 1979; Spitzig, Pelton and Laabs, 1987) .
These composites are usually formed by the so-called in situ method using a two-phase alloy as an initial material. During the deformation processing Nb dendrites transform into ribbon-like filaments with axial texture of (110) type. With an increase of deformation degree filament spacing and thickness decrease, and the growth of strength correlates with interphase spacing (Funkenbusch and Courtney, 1981) .
Two basic explanations were proposed for the enormously high strength of heavily deformed in-situ composites: the so-called substructural strengthening (Funkenbusch and Cortney, 1985) and the barrier mechanism . The model of substructural strengthening attributes the excess strengthening to generation of additional geometrically necessary dislocations in comparison with similarly deformed single-phase materials. According to the barrier model high strength is a result of difficulty of propagating plastic flow through FCC/BCC interfaces. Both models predict an influence of texture on strength through the Taylor factor.
According to experimental results both models predict linear dependence of strengthening on A-/2 (where A is an average filament spacing), i.e., the dependence of Hall-Petch type, and using some fitting parameters they can describe deformation strengthening of these materials. However, as the discussion of these two mechanisms has shown (Funkenbusch and Courtney, 1990a, b; Spitzig et al., 1990a, b) , neither of them give a complete picture of deformation behavior of such composites. Despite a large number of publications investigating structure evolution and textures in heavily deformed Cu-Nb composites, there remain some questions to be clarified. This is particularly true in regard to Nb filaments, as the main attention in the above-mentioned researches was paid to structure and texture of the copper matrix. For example, the values of dislocation densities in Nb filaments, presented in different publications (Bevk et al., 1978; Spitzig et al., 1987; Spitzig, 1991; Popova et al., 1997) , vary by several orders of magnitude. Thus, at present there is no complete understanding of deformation-induced structure evolution in these materials, and further investigations are necessary. (Rusakov, 1977) : Umansky (1982) as" 8e 2 p (5) where a is the dislocation Burger's vector. Determination of dislocation density according to (5) is based on the assumption that the dislocations are mainly located inside the CSAs and not in their boundaries.
RESULTS AND DISCUSSION
The results of X-ray analysis of Cu matrix fine structure after different degrees of cold drawing are presented in Table I . As can be seen from the table, the broadening of diffraction profiles of Cu matrix results mainly from microstrains suggesting relatively big sizes of CSA. CSA size for specimens drawn to 7 6.8 and 7.6 is more than 150,1 and only after the highest deformation degree (r/= 9.21) it decreases to 100 nm. This result is in good agreement with the data of Spitzig et al. (1987) who also showed that grain and subgrain sizes in Cu matrix are, as a rule, greater than 150 nm, and that it doesn't possess block structure.
Due to relatively big size of CSA the dislocation densities calculated from X-ray data are sufficiently reliable, as only a small part of dislocations is concentrated in grain and subgrain boundaries. Table I shows only slight changes of dislocation density with the increase of According to , dynamic recovery and recrystallization in cold-rolled copper start at rt= 1.2 and 3.0, correspondingly. In composites these processes can be expected to start at about the same degrees of deformation. It is therefore evident that, starting from these values, the dislocation density will be more and more slightly affected by the increase of deformation degree.
According to Spitzig (1991) , in case of pure copper strengthening is observed up to r/= 8.2, and dislocation density may be also expected to increase in this interval. From these considerations the dislocation behavior of Cu matrix observed in the present work can be explained as follows. In the 6.8-7.6 range of deformation dislocation density slightly increases. This means that at lower deformations processes of recovery and recrystallization already occur, but there is no equilibrium between generation and annihilation of dislocations. At higher deformation degrees this equilibrium is reached, and further deformation doesn't affect dislocation densities in copper matrix.
Let us consider the evolution of niobium filaments. After deformation with 7=6.8-7.6 they consist of grains elongated along the drawing direction separated by flat high-angle boundaries (Fig. 1) . EDP analysis has shown that drawing direction and elongation of grains coincide with one of (110) cally extracted from heavily-drawn Cu-20%Nb composite and found that at deformations with r/> 7 they possess nearly parallel boundaries along (110) directions, separating areas with relative disorientation of about It may be also assumed that the formation of the limited fibre texture in niobium filaments is a result of deformation under conditions of their intricate interaction with the surrounding FCCcopper matrix.
The results of X-ray investigations of niobium filament structure after different degrees of drawing are presented in Table II complications in X-ray evaluation of their density, as it was mentioned above. Nevertheless, both X-ray and electron-microscopic data definitely demonstrate the increase of dislocation density with deformation increasing from 6.8 to 7.6. This is shown by the fact that with deformation growth in this interval the average size of blocks decreases, whereas microstrains increase. The former means the growth of the amount of dislocations in block boundaries, and the latter testifies to the increase of their density inside the blocks. Figure 3 shows the structure of the composite deformed with drawing ratio r/= 9.21. It can be seen that niobium filaments became 
